GEOPHYSI CAL MODEL OF CHROM TE DEPGSI TS

COX AND SINGER MODEL NO. 2a & 8a Conmpi | ers- A K. Kospiri.'
W D. Heran

A CGeol ogic Setting

Two major deposit types are included, both hosted within nafic-ultramafic
conpl exes; stratiform and podiform types.

Stratiform Wthin cratonal, nostly Precanbrian shield areas, as repetitively
| ayered mafic-ultramafic intrusions. Layered chromite in lower internediate
zone of l|ayered gabbro-peridotite, which may be traced for mles. Chronite
occurs in nassive to dissemnated layers with cumulate texture.

Podiform Magmatic cunul ates in el ongate magmati c pockets occurring al ong
spreading plate boundaries; exposed in accreted terranes as part of ophiolite
assenbl age. Autoliths in the tectonite peridotite (al pine) usually occur
within the | ower part of the ophiolite complex and are highly deforned and
serpentinized. Pods may |lie near the transition zone bel ow magmatic cunul ates
in the sequence. Ore bodies are massive to dissenminated chromte surrounded
by a thin dunite halo in a harzburgite host, and the ore body host contact is
general |y sharp.

B. Geologic Environment Definition

Renot e sensing techniques nay be used to detect and rraﬁ ultranmafic belts and
i ntrusive conpl exes by overall reflectance (al bedo), thernal properties, and
geobot ani cal changes (Barrington, 1991; Longshaw and G |bertson, 1975). The
Semai |l ophiolite in Orman has been mapped and its units subdivided using
Landsat TM data (Abrans, 1987). Ophiolite belts are characterized by
aeromagnetic data as en echelon belts of short wavelength, high gradient
anomal res (Heinz, 1989), and chains of narrow |ocal positive and negative
magneti c anomalies (Menaker, 1981). Aeromagnetic surveys and regional gravity
data have been used to delineate the extent and shape of |arge Iagered
intrusions (Blakely, 1984; Gould and others, 1985; Kl einkopf, 1985, Blakely
and Zientek, 1985). Detailed gravity data have been used to estimate

t hi ckness and subsurface form of ophiolite massifs (Sharp, 1989). Detailed
magnetic prospecting has hel ped map ophiolite sequences under sedinentary
cover (Bozzo and others, 1984). Integrated ground magnetic and gravity
surveys have been successful 1n finding and deternmining the size and shape of
buried ophiolite nmassifs (Babadzhanyan, 1983). Additionally, integrated
aeromagnetic, regional and detailed gravity and electromagnetic data were
utilized to map the extent and structure of a layered intrusive in South
Africa (Gould and others, 1985). Gavity and electrical data have hel ped
determ ne horizon thickness and structure at the Bushveld conpl ex (de Beer and
others, 1987; Hattineh, 1980). O her exanples of the utilization of

i ntegrated geophysical nethods to aid in defining the size, shape or depth of
ultramafic conplexes are: the Great Dyke of Rhodesia (Wiss, O 1940) ;
ultramafic rocks in northern California (lrwin, WRP. 1962); ultramafic rocks
in the Appal achian province (Zietz, |. and Bhattacharyya, "B.K 1975); Papuan
ultramafic belt, New Guinea (MIsom J., 1973); ultramafic rocks in the ,
eastern Mediterranean (Rabinowitz and Ryant WB.F. 1970), ultramafic rocks in
former U S S R (Nepomyashchi kh, A. 1959; Mobskaleva, S.V. and Zotova, |.F.
196)5); Camaguey ultramafic massif, Cuba (Shablinskiy, G N and Damian, F.

1987) .

'Geophysi cal Enterprise, Tirana, Albania

16



C Deposit Definition

For several decades integrated geophysical nethods have been used for chromte
exploration. Gavinetric, magnetic, electrical, electromagnetic and seismc
surveys have all been applied. The literature shows exploration surveys have
been carried out in the U S A, fornmer U S S R, South Africa, Rhodesia,

Al bani a, Turkey, Finland, Cuba, Geece, Philippines, Yugoslavia, New

Cal edoni a, China, Sudan, and other countries.

Test holes were drilled on the crests of 106 gravity anomalies in Cuba. The
results of drilling revealed that ten anomalies overlie deposits of chromte
(Davis, WE. et al., 1957). Gavity nmethods have been successfully used for
the exploration of chromite in the Urals and Kazakhstan. Positive gravity
anomal i es due to chromte ores, as a rule, have an intensity of 0.8-1.0 ngals,
their areas ranging from 0.1-0.2 knf. Chromte orebodies at a depth of 150 m
were clearly identified fromgravity data (Klichnikov, V.A, and Segal ovich
V.l., 1970) . Large chromte deposits are readilg/ identifiable using gravity
t echni ques even in rugged topography (Yungul, 1956). Gound magnetic surveys
have had varying results. Since chromte is noderately magnetic, direct
detection may only be achieved if the host rock is uniformy nonmagnetic
(Hawkes, 1951). Integration of gravity and nmgnetic techniques have proven to
be useful. A conbination of refraction seismc, ground magnetic, and conpl ex
resistivity nethods was found to be effective in the identification of

podi form chromte deposits (Wnn, J.C., 1981, 1983). Very Low Frequency

El ectromagnetic (VLF-EM have yiel ded good resolution in exploration for

podi form chromte in Maryland (Mller, J.P.,1981). Chromte deposits in
Kazakhstan were identified in boreholes by neans of nuclear |ogging.

(Karani kolo, V.F. et al., 1968).

D. Size and shape of deposit

In stratiform conplexes groups of layers are continuous and uniform in

t hi ckness and nay be traceable for mles. Podiform chronmte deposits are in
the form of pods, |enses, veins, tabular, pencil-shaped, dissem nated
schlieren, or irregular in form Mst pods are small, but large bodies are
knoe)/mdi n Kazahstan, Kenpirsai; Al bania, Bulqiza deposit; Philippines, Coto
or ebody.

E.  Physical Deposi t Host rocks
Properties _
(units) Dunite Peridotite Serpentinite
1. Density 3.0-4.6" 2.7-3.3®  2.8-3.33®  2.0-2.7%%
(gnt cc)
2. Porosity 0.2-3.8" 0.3% 0.1-0.8 2.5-10
(%
3. Susceptibility  20-9502* 30- 200" 200- 3000 30- 6000
(10°9l)
4. Remanence 100- 8100 10- 1800 20- 1300 10- 9500
(10°9l)
5. Resistivity 8500 average 64000 68000 10000
(ohmm )
6. IP Effect 0.2-18" 0.2-2.0 0.2-2.0 0.2-50"
(%
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7. Seismic Velocity 4.5-9.5 5.7-8.9" 6.2-10 4.2-4.5"
Vp (kmni sec)

8. Radi oel enents

K very |ow 10- 900" 1000-10000™ 1000
U (Bgm 0.001 ? 1-0.1
Th fpp 1-0. 001 0.1 0. 001

F. Rempte Sensing Characteristics

The rock spectra, indicate that chronmite bearing host |ithologies should be
di stingui shable from surrounding ultramafic and nmafic rocks using remote
sensing techniques (Hunt, GR and Wnn, J.C., 1979) . Biogeochem cal studies
show that chronite poisons vegetation in a very distinctive manner, and the
amount of serpentinization strongly controls both density and species of
vegetation (Wnn, 1981). TM data were found to be extremely useful for

mappi ng and subdi viding the units making up the Semail ophiolite in Oman
(Abrams, M, 1986).

G Coments

Gavity studies in nany different areas (Kazakhstan, Turkey, Cuba, Al bania,
Philippines, India, etc.) indicate that the gravity nmethod is the nost

ef fective geophysical nethod for podiform chronite exploration. A typical

podi form chromte deposit has a positive density contrast of about 0.8-1.5

gm cc over the host rocks, which often produces recognizable gravity
anonmal i es.  Magnetic studies have been carried out bl)(/ several investigators on
chromite bodies world-wide. Results obtained in Turkey, Finland, Al bania,
India, Philippines indicate that this method may not be so discouraging as
reported by some authors. Electrical and electromagnetic nethods (TP, Conpl ex
resistivity, VLF-EM have yielded good resolution in exploration tests over
podiform chromite. Seismic field data appear to show strong velocity highs
related to nassive chronite contrasted with the surrounding, |ow velocity
serpentinized peridotite (Wnn, J.C, 1981; Reid, A B., and others, 1980).
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GEOPHYSICAL DATA
RED MOUNTAIN, CALIFORNIA, USA
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Figure 1. Magnetic data, el ectronagnetic data (VLF resistivity) and seisnic
data at the Red Mountain chronmte deposit, California. (after
Wnn and Hasbrouck, 1984)
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KEMI DEPOSIT FINLAND
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Figure 3. Bouguer gravity and nmagnetic vertical intensity profile data

over the Kem stratiformchronite deposit, Finland. (after
Siikarla, 1962)
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NUCLEAR LOGGING FOR CHROMITE
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Borehol e profiles using a conbi nati on of nucl ear geophysi cal
net hods froma chromte deposit in Kazakstan.

(Mletskiy and
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